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Motivated by the recent observation of ferromagnetic spin correlations in the filled skutterudite
SrFe4As12 [Ding et al. Phys. Rev. B 98, 155149 (2018)], we have carried out
75As nuclear mag-
netic resonance (NMR) and nuclear quadrupole resonance (NQR) measurements to investigate the
role of magnetic fluctuations in a newly discovered isostructural superconductor SrOs4As12 with
a superconducting transition temperature of Tc ∼ 4.8 K. Knight shift K determined by the NQR
spectrum under a small magnetic field (≤ 0.5 T) is nearly independent of temperature, consistent
with the temperature dependence of the magnetic susceptibility. The nuclear spin-lattice relaxation
rate divided by temperature, 1/T1T , is nearly independent of temperature above ∼ 50 K and in-
creases slightly with decreasing temperature below the temperature. The temperature dependence
is reasonably explained by a simple model where a flat band structure with a small ledge near the
Fermi energy is assumed. By comparing the present NMR data with those in SrFe4As12, we found
that the values of |K| and 1/T1T in SrOs4As12 are smaller than those in SrFe4As12, indicating no
obvious ferromagnetic spin correlations in SrOs4As12. From the temperature dependence of 1/T1 in
the superconducting state, an s-wave superconductivity is realized.
PACS numbers:
I. INTRODUCTION
Magnetic fluctuation is one of the key parameters to
characterize the physical properties of strongly correlated
electron systems. Antiferromagnetic spin fluctuations are
considered to play an important role in many uncon-
ventional superconductors such as high Tc cuprates [1],
iron-based superconductors [2–5], organic superconduc-
tors [6], and also heavy fermion superconductors [7]. Al-
ternatively, ferromagnetic spin fluctuations are also con-
sidered to be important in the mechanism of supercon-
ductivity in U-based superconductors [8, 9], and in iron-
based superconductors [2, 10–14].
The importance of magnetic fluctuations has also been
pointed out in the filled skutterudite compound AFe4X12
(A = alkali metal, alkaline earth metal, lanthanide, and
actinide; X = P, and Sb) whose magnetic properties
largely depend on the number of valence electrons of the
A ions [15–27]. In the case of A = monovalent Na and K
ions with X = Sb, a weak ferromagnetism with a Cuire
temperature of TC = 85 K has been observed [15, 16],
while no magnetic order has been reported for the case
of divalent alkaline-earth ions such as Ca, Sr, and Ba,
where ferromagnetic spin fluctuations are considered to
play an important role [17, 18, 24, 25]. On the other
hand, the importance of antiferromagnetic spin fluctua-
tions has been pointed out in the trivalent ion systems
of LaFe4Sb12 [17, 26] and in LaFe4P12 [21], although fer-
romagnetic fluctuations are also reported in LaFe4Sb12
[27].
The effects of magnetic fluctuations on the physical
properties of filled skutterudite compounds with differ-
ent d electrons from 3d to 4d and 5d have also been in-
vestigated by replacing Fe by Ru or Os [28–30]. From
the magnetization, transport and specific heat measure-
ments, the 5d-electron compounds of AOs4Sb12 (A = Sr,
Ba) are found to be placed between the Fe 3d compounds
with ferromagnetic spin fluctuations and the Ru 4d com-
pounds having no obvious strong electron correlation ef-
fects [28, 29]. Although it is important to systematically
study these physical properties of d electron systems by
changingX ions such as P and As for deeper understand-
ings of the role of d electrons, not many studies have been
carried out because of the difficulty in preparing those
compounds.
Recently, new filled-skutterudite arsenide compounds
SrT4As12 (T = Fe, Ru, Os) have been synthesized using
a high-pressure synthesis technique [31], which provides
a new opportunity of systematic studies of the role of d
electrons with 3d, 4d and 5d. For the 5d electron system,
SrOs4As12 was found to be a new superconductor with
a transition temperature of Tc = 4.8 K [31]. For the 3d
and 4d electron systems, on the other hand, SrFe4As12
and SrRu4As12 do not exhibit superconductivity down
to 2 K, although the electrical resistivities show metal-
lic behavior [31]. Magnetization and specific heat mea-
surements [31] and theoretical studies [32] pointed out a
ferromagnetic nature of SrFe4As12. Quite recently, fer-
romagnetic spin correlations were actually reported in
the 3d-compound SrFe4As12 [33], similar to the case of
AFe4Sb12 (A = Ba, Sr) [17–19]. Since the 5d-compound
SrOs4As12 exhibits superconductivity in contrast to the
non-superconductors AOs4Sb12 (A = Ba, Sr) [34], it is
very interesting to investigate how the magnetic fluctu-
ations changes in the newly discovered superconductor
SrOs4As12.
Nuclear magnetic resonance (NMR) and nuclear
quadrupole resonance (NQR) measurements are power-
2ful techniques to investigate the magnetic and electronic
properties of materials from a microscopic point of view.
It is known that the temperature (T ) dependence of the
nuclear spin-lattice relaxation rate (1/T1) reflects the
wave vector q-summed dynamical susceptibility. On the
other hand, NMR spectrum measurements, in particular
the Knight shift K, give us information on static mag-
netic susceptibility χ. Thus from the temperature depen-
dence of 1/T1T and K, one can obtain valuable insights
into magnetic fluctuations in materials. Furthermore,
1/T1 measurements in the superconducting state provide
important information in understanding the symmetry of
Cooper pairs in superconductors.
In this paper, we report the results of 75As NMR, NQR
and magnetic susceptibility measurements performed to
investigate the magnetic and electronic properties of
SrOs4As12 from a microscopic point of view. Our experi-
mental data indicate the strong suppressions of ferromag-
netic spin correlations in the superconductor SrOs4As12,
in comparison with SrFe4As12 which exhibits electron
correlations enhanced around ferromagnetic wavenumber
q = 0 [33]. The temperature dependence of 1/T1 in the
superconducting state evidences an s-wave superconduc-
tivity in SrOs4As12.
II. EXPERIMENTAL
Polycrystalline SrOs4As12 samples were prepared at
high temperatures and high pressures using a Kawai-
type double-stage multianvil high-pressure apparatus
[31]. The lattice constant of SrOs4As12 with a body cen-
tered cubic structure (space group: Im3) has been de-
termined by x-ray diffraction measurements to be 8.561
A˚ [31]. Magnetic susceptibility measurement was per-
formed using a magnetic properties measurement system
(MPMS, Quantum Design, Inc.) under a magnetic field
of 5 T. NMR and NQR measurements of 75As (I = 32 ,
γN
2pi = 7.2919 MHz/T, Q = 0.29 barns) nuclei were con-
ducted using a lab-built phase-coherent spin-echo pulse
spectrometer. The 75As-NMR spectra were obtained by
sweeping the magnetic field H at a fixed frequency f =
37 MHz, while 75As-NQR spectra were measured in steps
of frequency by measuring the intensity of the Hahn spin
echo. The 75As nuclear spin-lattice relaxation rate (1/T1)
was measured with a saturation recovery method. 1/T1
at each temperature was determined by fitting the nu-
clear magnetization M versus time t using the exponen-
tial function 1−M(t)/M(∞) = e−(3t/T1)β for 75As NQR,
where M(t) and M(∞) are the nuclear magnetization at
time t after the saturation and the equilibrium nuclear
magnetization at t → ∞, respectively. β ∼ 0.8 is nearly
independent of temperature in the paramagnetic state,
however, the values of β show a complicated tempera-
ture dependence in the superconducting state below 4.8
K, as will be discussed later.
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FIG. 1: Field-swept 75As-NMR spectra of SrOs4As12 at f
= 37 MHz and T = 4.3 K. The black curve is the observed
spectrum and the red curve is the calculated spectrum with
νQ = 60.1 MHz, η = 0.45. The blue dotted curve represents
the calculated 75As NMR spectrum (νQ = 23.5 MHz, η = 0)
from the impurity phase [33]. The sum of the two calculated
spectra is shown by the green area.
III. 75AS NMR AND NQR SPECTRA
Figure 1 shows the field-swept 75As-NMR spectrum
of SrOs4As12 at T = 4.3 K where a complex NMR spec-
trum is observed. A similar complicated 75As NMR spec-
trum has been observed in the isostructural compound
SrFe4As12, which is due to a large nuclear quadrupolar
interaction and a finite asymmetric parameter η of the
electric field gradient (EFG) tensor at the As site [33].
One can calculate NMR spectrum from a nuclear spin
Hamiltonian which is a sum of the nuclear Zeeman (HM)
and electric quadrupole (HQ) interactions:
H = HM +HQ, (1)
where
HM = −γh¯(1 +K)H [ 1
2
(I+e
−iφ + I−e
iφ)sinθ + IZcosθ]
(2)
and
HQ = hνQ
6
[3I2Z − I2 +
1
2
η(I2+ + I
2
−)], (3)
in the coordinate of the principal X , Y , and Z axes of
electric field gradient (EFG). Here H is the applied field,
h is Planck’s constant, K is Knight shift, νQ is nuclear
quadrupole frequency defined by νQ = eQVZZ/2h where
Q is the quadrupole moment of the As nucleus, VZZ is
the EFG at the As site, η = VY Y −VXXVZZ is the asymmetry
3parameter of the EFG, and θ and φ are the polar and az-
imuthal angles between the direction of the applied field
and the Z axis of EFG, respectively. As has been done
in our previous paper [33], we have calculated a powder-
pattern NMR spectrum by diagonalizing exactly the nu-
clear spin Hamiltonian without using perturbation the-
ory. The calculated spectrum with the NMR frequency f
= 37 MHz, K = 0, NQR frequency νQ = 60.1 MHz and
η = 0.45 reasonably reproduces the characteristic shape
of the observed spectrum, as shown by the red curve in
Fig. 1. However, we notice that, in addition to the calcu-
lated spectrum (red curve), there is another contribution
(∼ 2 % spectral weight) of 75As NMR spectrum with
νQ = 23.6 MHz and η = 0 to the total NMR spectrum.
Similar contribution of the spectrum has been observed
in SrFe4As12 where the contribution has been assigned
to the impurity phase of arsenic metal [33].
As for the principal axis of EFG at the As site, one
cannot determine it from NMR spectrum measurements
on the powder compound. As described in our previous
paper [33], Tou et al. [35, 36] have determined the prin-
cipal axis of the EFG at the Sb sites in the isostructural
PrOs4Sb12 compound from NMR measurements using a
single crystal, which reports that, although there is one
crystallographically equivalent Sb site in the filled skut-
terudite structure, there are three different Sb sites with
the principal axis parallel to [100], [010], and [001] of
the crystal, respectively, due to the local symmetry of
the 24g site of the Sb ions. The same conclusion for the
direction of the EFG at the Sb sites in CeOs4Sb12 has
been reported from 121Sb NMR using an oriented powder
sample [37]. Since the crystal structure of the Sb com-
pounds is the same as that of SrOs4As12, we consider the
directions of EFG at the As sites are the same.
In NQR spectrum under zero magnetic field for I = 3/2
where H has only HQ, one can observe a single transi-
tion line at a frequency of νNQR = νQ
√
1 + η2/3. Using
the νQ = 60.1 MHz and η = 0.45 at T = 10 K esti-
mated from the analysis of the NMR spectrum, one ex-
pects the NQR line at f ∼ 62.1 MHz which is actually
observed as shown at the upper panel in Fig. 2 (a). The
peak position slightly shifts to lower frequency with in-
creasing temperature, corresponding to the decrease in
νNQR on increasing temperature as shown in Fig. 2 (b).
Similar temperature dependence of νNQR has been ob-
served in SrFe4As12 [33] and also in other filled skut-
terudite compounds [23, 38–42] where the temperature
dependence at higher temperatures is found to obey an
empirical relation νNQR(T ) = νNQR(0)(1−αQT 3/2) with
a fitting parameter αQ. This temperature dependence is
considered to be due to thermal lattice expansion [43].
As shown by the solid curve in Fig. 2 (b), the tempera-
ture dependence of νNQR in SrOs4As12 also follows the
relation with αQ = 2.09 × 10−6 K−3/2. The value of
αQ = 2.09 × 10−6 K−3/2 is slightly smaller than 3.21
×10−6 K−3/2 for SrFe4As12 [33]. The linewidth of the
NQR spectra (full-width at half maximum, FWHM ∼
0.4 MHz) is nearly independent of temperature from 4.3
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FIG. 2: (a) 75As-NQR spectra measured at T = 10 K un-
der zero magnetic field (upper panel) and 0.5 T (lower panel)
in SrOs4As12. The red curve at the lower panel is a sim-
ulated powder-pattern spectrum with νQ = 60.1 MHz, η
= 0.45 and H = 0.5 T. The arrow shows the position of
the lower-frequency edge position (fL) whose position at-
tributes to θ = pi (and also θ = 0). (b) T dependence of
75As-NQR frequency νNQR in SrOs4As12. The black curve
is νNQR(T ) = νNQR(0)(1 − αQT
3/2) with αQ = 2.09 × 10
−6
K−3/2 and νNQR(0) = 62.14 MHz. (c) The external magnetic
field dependence of fL at T = 10 K.
K to 300 K. This indicates that there is no any struc-
tural or magnetic phase transition in the normal state of
SrOs4As12.
IV. 75AS KNIGHT SHIFT
Determination of the Knight shift K from the complex
NMR spectrum shown in Fig. 1 is relatively difficult due
to the strong quadrupole interaction and relatively large
asymmetric parameter η value. This is due to the fact
that small changes in νQ and η produce a change in K,
making large ambiguity in determining K from the simu-
lation of NMR spectrum. However, as has been reported
[33], we have succeeded in determining the Knight shift
data from NQR spectrum under small magnetic fields
lower than 0.5 T in SrFe4As12. Here we have applied the
same method to SrOs4As12 to obtain the Knight shift
data. As described in detail in Refs. [25, 33], the NQR
resonance frequency [νNQR(H)] under a small magnetic
field can be written by [44]
νNQR(H) = νNQR(0)± γN
2pi
A(η)(1 +K)HF (θ), (4)
where νNQR(0) is νNQR at H = 0, F (θ) =
cosθ
2 [3 −
(4tan2θ + 1)1/2], and A(η) is a factor close to unity
which depends on the value of η. Under magnetic fields,
the random distribution of θ produces the rectangular
4shape of the powder-pattern spectrum where θ = 0 (and
also pi) produce both higher- and lower-frequency edges.
By measuring the external magnetic field dependence of
the edge position of the NQR spectrum, one can de-
termine the coefficient of the second term of eq. (4),
A(η)γN2pi (1 + K), and thus the Knight shift if one knows
the value of A(η) since the values of γN2pi is known. At
the lower panel of Fig. 2 (a), a typical NQR spectrum
observed at H = 0.5 T is shown, where the rectangu-
lar shape of the powder pattern spectrum is clearly seen.
The small peaks (at ∼ 55 and 70 MHz) on both sides of
the central rectangular spectrum are due to the mixing
of states |1/2〉 and |−1/2〉 as a result of zero-order mix-
ing effect [45]. These features of the observed spectrum
are relatively well reproduced by the calculated powder-
pattern spectrum with νQ = 60.1 MHz, η = 0.45 and H
= 0.5 T using the Hamiltonian of eq. (1), as shown by
the red curve in Fig. 2 (a).
Fig. 2 (c) shows a typical magnetic field dependence of
fL at the lower edge position indicated by the black ar-
row in Fig. 2 (a), exhibiting a clear linear behavior. From
the slope, the Knight shift K at 10 K was determined to
be -1.2 ± 2.5 %. Here we used A(η) = 0.9794 as in the
case of SrFe4As12 [33] where the value of η = 0.4 is close
to ∼ 0.45. Although the error is relatively large, this is
much better than the case of NMR spectrum from which
we could not determine K. It is also noted that we did
not include any anisotropy in the Knight shift in the cal-
culated spectrum which reproduces the observed one as
shown above. This suggests that, although one expects
an anisotropic part in the Knight shift due to the local
symmetry of the Os ions (trigonal), the anisotropy is not
significant and could not be detected within our experi-
mental uncertainty. Therefore, the Knight shift discussed
below is considered as an isotropic part of Knight shift.
Following the method described above, we determined
K at different temperature. Its temperature dependence
is shown in Fig. 3 where the K data in SrFe4As12 are
also plotted [33]. In contrast to the case of SrFe4As12
where the broad minimum around ∼ 50 K has been ob-
served (note the sign of the vertical axis of Fig. 3 for
the Knight shifts), |K| values of SrOs4As12 are much
smaller than those of SrFe4As12 and are nearly indepen-
dent of temperature. These results are consistent with
the magnetic susceptibility χ data whose temperature
dependencies are also shown by solid curves in Fig. 3
where the maximum in χ corresponds to the minimum
in K in SrFe4As12 due to the negative hyperfine coupling
constant [33]. It is also noted that the values of χ in
SrOs4As12 is more than one order of magnitude smaller
than those in SrFe4As12. These results clearly evidence
that the spin susceptibility of SrOs4As12 is much smaller
than that of SrFe4As12.
In order to check whether or not the small values of |K|
actually correspond to the suppression of spin suscepti-
bility, we have plotted Knight shifts for both compounds
as a function of the corresponding χ as shown in the in-
set of Fig. 3. Since NMR shift consists of temperature
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FIG. 3: Temperature dependence of 75As Knight shift K in
SrOs4As12 (red circles) and SrFe4As12 (black squares) from
Ref. [33]. Temperature dependencies of magnetic suscep-
tibility χ are also plotted by the red and black curves for
SrOs4As12 and SrFe4As12 [31], respectively. The inset shows
K versus corresponding magnetic susceptibility χ. The black
line is a linear fit.
dependent spin shift Ks(T ) and T independent orbital
shift K0, one needs to know K0 to estimate Ks(T ). K0
can be obtained from the intercept of the so-called K−χ
plot shown in the inset. The solid line in the inset is the
linear fit for data including both compounds, giving a
nearly zero intercept, i.e., nearly zero K0. Therefore, the
observed |K| can be considered as mainly Ks, again in-
dicating that the strong suppression of the spin suscepti-
bility in SrOs4As12. The slope gives a hyperfine coupling
constant Ahf = -3.84 ± 1.60 kOe/µB [46].
V. 75AS SPIN-LATTICE RELAXATION RATE
1/T1
A. Normal state
Figure 4 shows the temperature dependence of the
75As spin-lattice relaxation rate divided by temperature
(1/T1T ) measured at the peak positions of the NQR spec-
tra under zero magnetic field, together with the data for
SrFe4As12 reported previously [33]. Contrary to the case
in SrFe4As12 where the large enhancement of 1/T1T at
low temperatures has been observed, 1/T1T in SrOs4As12
seems follow Korringa law, T1T = constant, at high tem-
perature above ∼ 50 K though the small increase can be
observed at low temperatures in the normal state.
In the previous paper, to reproduce the temperature
dependence of 1/T1T for SrFe4As12, we have employed
a simple model where a concave-shaped band structure
shown in the inset of Fig. 4 is assumed [33]. In the model,
the Fermi energy (EF) is assumed to be at the center of
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FIG. 4: Temperature dependencies of 75As 1/T1T in
SrOs4As12 (red circles) and SrFe4As12 (black squares) from
Ref. [33]. The solid lines are the calculated results based
on the band structures near EF shown in the inset with a
set of parameters: ∆Os = 40 K and D0,Os/D1,Os = 1.2, for
SrOs4As12, and ∆Fe = 88 K, W = 220 K, and D0,Fe/D1,Fe =
2.6 for SrFe4As12.
the dip, and ∆Fe, W , the density of states D0,Fe and
D1,Fe characterize the band structure near EF. Using
the formula,
1
T1
∼
∫ ∞
0
D2(E)f(E)(1 − f(E))dE (5)
where f(E) is the Fermi distribution function, we cal-
culated 1/T1T with a set of parameters of ∆Fe = 88 K,
W = 220 K, and D0,Fe/D1,Fe = 2.63, which reasonably
reproduces the experimental data, as shown by the black
curve in Fig. 4. The model is also used to reproduce the
temperature dependence of the magnetic susceptibility
in SrFe4As12 [33]. It is interesting to note that a similar
model (but with no finite density of state at EF) has been
applied to FeSi for explaining the characteristic tempera-
ture dependence of magnetic susceptibility, specific heat
and thermal expansion [47].
In the case of SrOs4As12, the nearly temperature inde-
pendent behavior of 1/T1T indicates a almost flat band
near Ef , contrary to the case of SrFe4As12. In fact, as
shown in by the red solid curve in Fig. 4, the observed
temperature dependence of 1/T1T can be reproduced by
the band model with a nearly flat structure near EF
with a small ledge having the width ∆Os = 40 K with
D0,Os/D1,Os = 1.2. It turns out that the difference in
the band structure produces the significantly different
behavior in 1/T1T and could originate from the fact that
Fe 3d electrons have more localized nature than Os 5d
electrons.
Now we discuss magnetic correlations in both systems
based on the NMR data. As has been discussed in our
previous paper, in order to discuss the magnetic correla-
tions, it is useful to estimate the quantity T1TK
2
s where
Ks is the spin part of the Knight shift [48–50]. The
so-called Korringa ratio K(α) ≡ ST1TK2s is unity for un-
correlated metals. Here S = h¯4pikB
(
γe
γN
)2
where γe and
γn are the electron and nuclear gyromagnetic ratios, re-
spectively. Since 1/T1T probes the dynamical spin sus-
ceptibility averaged over the Brillouin zone, it can be
enhanced either ferromagnetic or antiferromagnetic spin
correlations. On the contrary, Ks will be enhanced only
for ferromagnetic spin correlations. Therefore, for an-
tiferromagnetic correlated metals, K(α) is expected to
be greater than unity. On the other hand, one can ex-
pect K(α) much smaller than unity for ferromagnetic spin
correlations. K(α) ∼ 0.02, much less than unity, was re-
ported in SrFe4As12 [33], evidencing the ferromagnetic
spin correlations. On th other hand, the small values of
|K| for SrOs4As12 increase the K(α) values, suggesting
much less ferromagnetic spin correlations in SrOs4As12.
However, the estimate of K(α) is rather difficult due to
large errors inK. In addition, it should be noted that the
observed 1/T1T is the sum of two contributions: the spin
and orbital relaxation rates. This also makes difficulty
in estimating K(α). Assuming K(α) = 1 for uncorre-
lated metals, |Ks| is estimated to be 0.21 % using the
1/T1T values above 50 K in the normal state. The Ks
would be consistent with the observed small values of |K|
for SrOs4As12 within our large experimental uncertainty.
Thus one can conclude that the ferromagnetic spin cor-
relations observed in SrFe4As12 are strongly suppressed
in SrOs4As12 [51].
It is interesting to point out that the 1/T1T values for
both systems are almost comparable at low temperatures
below ∼ 20 K in the normal state. This indicates that
the effective density of states at EF, D(EF), is nearly the
same for the compounds at low temperatures, as actu-
ally illustrated in the inset of Fig. 4. Since D(EF) gen-
erally correlates with Tc in conventional BCS supercon-
ductors, one may expect an appearance of superconduc-
tivity in SrFe4As12. No superconductivity is, however,
observed in SrFe4As12. Therefore, we speculate that the
strong ferromagnetic fluctuations prevent superconduc-
tivity. As will be discussed below, the superconductivity
in SrOs4As12 is revealed to be a spin-singlet s-wave state
where ferromagnetic fluctuations may compete since it
would be favorable to inducing triplet Cooper pairs. In
other word, the strong suppression of the ferromagnetic
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FIG. 5: (a) Temperature dependence of 1/T1 in SrOs4As12.
The pink curve in the superconducting state is the calculated
result based on the BCS theory The red curve in the nor-
mal state is the calculated results shown in Fig. 4. The
inset show the temperature dependence of β. (b) Temper-
ature dependence of electrical resistivity from Ref. [31]. (c)
Temperature dependence of volume magnetic susceptibility in
the superconducting state estimated from the zero-field cooled
magnetic susceptibility data reported in Ref. [31]. (d) Tem-
perature dependence of 1/T1T at low temperature region to-
gether with the calculated result (pink curve) based on BCS
theory. The vertical blue lines are just guides to the eye.
spin correlations could induce the superconductivity in
SrOs4As12. Therefore, one may expect the supercon-
ductivity in SrFe4As12 if the ferromagnetic correlations
could be suppressed. This would be possible by apply-
ing pressure since the nature of localization of 3d elec-
trons responsible for the ferromagnetic spin correlations
may be decreased. This interesting project is currently
in progress.
B. Superconducting state
Finally we show the T1 data in the superconducting
state below Tc ∼ 4.8 K. As shown in Fig. 5 (a), 1/T1
shows a tiny, but visible, coherence peak (also known as
Hebel-Slichter peak) just below Tc, and decreases below
4 K, then exhibits a small peak around 2 K following
the sudden decrease below ∼ 2 K where 1/T1 seems to
level off below ∼ 0.4 K. Although the temperature de-
pendence of 1/T1 is complicated, it is important to point
out that 1/T1 decreases largely by more than two orders
of magnitude below Tc down to the lowest temperature
∼ 0.4 K. This clearly indicates that the superconductiv-
ity observed in SrOs4As12 is not filamentary or surface,
but bulk in nature at least below ∼2 K. In addition, the
observation of the coherence peak just below Tc [more
clearly seen in Fig. 5 (d)] is direct evidence of a con-
ventional s-wave BCS superconductor. The observation
of the peak also indicates that the relaxation process of
the As nuclei in SrOs4As12 can be characterized to be
magnetic, not electric [52, 53]. The unusual and com-
plicated behavior in 1/T1 in the temperature range of
2 - 4 K could be due to the distribution of Tc in our
sample as can be seen in the resistivity and magnetiza-
tion data [31]. As shown in Fig. 5 (b), the electrical
resistivity starts to decreases below 4.8 K and reaches
nearly zero resistivity at ∼ 2.2 K with a relatively broad
superconducting-transition width ∆Tc = 2.6 K. The dis-
tribution of Tc can be also inferred from the two step
behavior in the volume magnetic susceptibility in the su-
perconducting state estimated from the zero-field cooled
magnetic susceptibility measurements as shown in Fig. 5
(c). It is noted that the superconducting volume starts
to increase below ∼ 4.8 K on cooling and reaches ∼ 45
% around 2.2 K where the zero resistivity is observed.
The distribution of Tc would make problems in estimat-
ing T1 since the observed spectrum may compose of at
least two components of 75As NQR signals from the su-
perconducting and the normal states. In addition, the
ratio of the signals from the superconducting and nor-
mal states could be changed with temperature due to
Meissner effect, which will produce complicated nuclear
relaxation curves. In fact, as shown in the inset of Fig.
5 (a), the temperature dependence of β exhibits a com-
plicated behavior with a local minimum around 3.5 K,
showing the large distribution of 1/T1. Thus, since we
consider that the temperature dependence of 1/T1 in T
= 2.2− 4 K is not intrinsic but extrinsic and more artifi-
cially, we will not discuss it in this paper. It is noted that,
although similar complicated behavior of 1/T1 has been
observed in SrtPtAs [54], the later T1 measurements with
high quality samples do not show the complicated behav-
ior [55], suggesting that the quality of samples strongly
affects the temperature dependence of 1/T1.
In order to test whether the observed temperature de-
pendence of 1/T1 can be explained by a s-wave conven-
tional superconductor model, we have calculated 1/T1
using BCS theory. Here, the relaxation rate 1/T1s in the
superconducting state normalized by 1/T1n in the normal
state is expressed as [56]
T1n
T1s
∝
∫ ∞
0
[Ns(E)
2
+Ms(E)
2
]f(E)[1− f(E)]dE (6)
where Ms(E) = N0∆/
√
E2 −∆2 is the anomalous den-
sity of states (DOS) due to the coherence factor, Ns(E)
= N0E/
√
E2 −∆2 is the DOS in the superconducting
state, ∆ is the energy gap, N0 is the DOS in the nor-
mal state, and f(E) is the Fermi distribution function.
We convoluteMs(E) and Ns(E) with a broadening func-
tion assuming a triangle shape with a width 2δ and a
height 1/δ [57]. The pink curve in Fig. 5 (a) [also shown
in Fig. 5 (d)] is the calculated result with ∆(0) = 6 K
and r = ∆(0)/δ = 5. Here we added a constant term of
1/T1 = 0.008 (1/s) into the calculated result to reproduce
the temperature independent behavior of 1/T1 observed
below ∼ 0.4 K. The origin of the temperature indepen-
7dent behavior of 1/T1 is not clear at present but it may
originate from some sort of impurity effects. Although
the calculated results does not reproduce the height of
the observed coherence peak, it seems to capture the ob-
served temperature dependence of 1/T1 (here again, ex-
cept for the intermediate temperature range of 2.2 − 4
K). The value of 2∆(0)/kBTc is estimated to be 2.5 us-
ing the on-set Tc of 4.8 K. This value is slightly smaller
than that of the BCS weak-coupling limit 2∆(0)/kBTc
= 3.53. It should be noted that the isostructural com-
pound CaOs4P12, has been suggested to be a BCS-type
superconductor with Tc = 2.5 K [58]. In order to dis-
cuss the superconducting properties of SrOs4As12 in de-
tail, one needs good quality samples with much smaller
distribution of Tc and the detailed study of the super-
conducting properties of SrOs4As12 is a future project.
However, it should be noted that our NMR measurements
clearly indicate the s-wave BCS superconducting nature
in SrOs4As12, even though the present samples show the
relatively broad superconducting transition.
VI. SUMMARY
In summary, we have carried out 75As NMR and NQR
measurements on the superconductor SrOs4As12 and
compared the results with those in non-superconducting
metallic compound SrFe4As12 in which ferromagnetic
spin correlations play an important role. Knight shift
K determined by the NQR spectrum under a small mag-
netic field (≤ 0.5 T) is nearly independent of temper-
ature, which is consistent with the temperature depen-
dence of the magnetic susceptibility. The values of |K|
in SrOs4As12 are much smaller than those in SrFe4As12,
indicating the spin susceptibility in SrFe4As12 is strongly
suppressed in SrOs4As12. Similar strong suppression in
SrOs4As12 can also be observed in 1/T1T data whose
temperature dependence is explained by a simple model
where we assume a flat band structure with a small ledge
near the Fermi energy. The large suppression in the
|K| and 1/T1T in SrOs4As12 compared with those in
SrFe4As12 indicates no obvious ferromagnetic spin corre-
lations in SrOs4As12. Furthermore, the temperature de-
pendence of 1/T1 in the superconducting state evidences
a conventional s-wave superconductivity in SrOs4As12.
These results suggest that the ferromagnetic spin corre-
lations compete the appearance of superconductivity in
the Sr-based filled skutterudite arsenides, which may be
consistent with the conventional spin-singlet s-wave su-
perconducting state revealed by 1/T1 measurements.
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